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F E D E R A L  R&D EXPENDITURES AND T H E  G E O G R A P H I C  
DISTRIBUTION O F  R&D ACTIVITY 
I .  Introduction 
In recent  years  the proposit i  on has been advanced and  general l y  
accepted t h a t  the  unequal d i s t r i b u t i o n  of federa l  R&D funds among 
regions has increased the  geographic concentrat ion of R&D a c t i v i t y  
and, as a r e s u l t ,  increased regional d i s p a r i t i e s  in economic development 
and the  q u a l i t y  and a v a i l a b i l i t y  of higher education. 
d i s t r i b u t i o n  of funds has been advocated in  order t o  reduce the 
resu l  t i  ng di spa r i  t i  es among regions.  
geographic d i s t r i b u t i o n  of federal  R & D  has been considered inequ i t ab le .  
The d e f i n i t i o n  of t h i s  problem has evolved s ince  1963 when i t  
A more equal 
In this  sense the  exi s t i  ng 
was f i r s t  i d e n t i f i e d  i n  hearings before the  House Subcommittee on 
Science,  Research, and  Development. The concept of the equ i t ab le  
d i s t r i b u t i o n  of f ede ra l  R & D  funds and the evolut ion of congressional 
and presidental  concern w i t h  t h e  i s sues  involved a re  discussed 
i n  a previous r epor t  by t h e  senior  author [ I ] .  
These conclusions about t h e  e f f e c t  of federa l  R&D funds on regions 
involve a number of assumptions t h a t  may or may not be app l i cab le .  
R & D  a c t i v i t y  and, i n  turn, econoinic 
i n  any given region a r e  presumed t o  
f ede ra l  R&D funds a l loca t ed  i n  t ha t  
a c t i v i t y  and higher edu-cation 
be s t rongly  responsive t o  t he  
region.  Also the regional 
This arguinent i s  followed in individual testimony before Congress , i 
f o r  exai::ple, i n  [16], p p .  71-73, and [14], p .  554. 
f ind ings  of the  Daddario Subconimittee in [13] , .pp.  48-52. 
See a l s o  the  
d i s t r i b u t i o n  of federa l  R&D funds is assumed t o  have become more 
concentrated a n d  thus t o  have resu l ted  in  a more unequal regional 
d i s t r i b u t i o n  of R&D a c t i v i t y .  
Our main purpose in t h i s  paper i s  t o  o f f e r  some evidence about 
t he  ex ten t  of changes t h a t  have taken place in  the geographic concentrat ion 
of R&D a c t i v i t y  and federa l  R & D  funds. The r e l a t i o n s h i p  and responsiveness 
of regional economic development a n d  higher education t o  changes in  
f ede ra l  R&D funds has been discussed in [ l ] .  
t h e  data  and methodology used t o  i nd ica t e  the  ex ten t  of geographic 
concent ra t ion ;  t hen ,  we examine the ex ten t  t o  which changes in coticen- 
t r a t i o n  have occurred i n  recent  yea r s .  
First, we descr ibe  
11. Data and Hethodology 
Our ana lys i s  requi res  data  t h a t  would i n d i c a t e  f o r  a number of 
yea r s  the regional d i s t r i b u t i o n s  of  R&D performance and R&D expendi tures  
involving federa l  f u n d s .  Only approximate measures of these  d i s t r i b u t i o n s  
can be used. Regional data  a r e  ava i l ab le  f o r  50 s t a t e s  plus t h e  
D i s t r i c t  of Columbia f o r  the period 1961-1966. 
The most f requent ly  used measures o f  RAD performance a r e  R & D  
expendi tures  and R&D employment. 
f o r  1962-1964 a r e  ava i l ab le  f o r  most, b u t  n o t  a l l ,  s t a t e s  [ 7 ] ;  however, 
they a r e  n o t  ava i l ab le  f o r  t a ta l  R&D expendi tures .  
of s c i e n t i s t s  by s t a t e s  a r e  ava i l ab le  f o r  the even years  1960-1966 
[6 ,  111. These data  a r e  used in o u r  a n a l y s i s ,  as  a measure of R & D  
performance f o r  t he  years  1962, 1964, a n d  1966.. An obvious shortcoming 
Data on i ndus t r i  a1 R&D expendi t irres 
Data on t h e  d i s t r i b u t i o n  
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of t h i s  approach involves the exclusion o f  engineers and other technical  
personnel , p a r t i  cul a r l y  i n  view of t he i  r importance i t i  devel opinerit . 
Federal R&D obl iga t ions  a re  used as a iitcasure of t he  regional  
d i s t r i b u t i o n  of expenditures of federa l  R&D funds.  These data  a r e  
a v a i l a b l e  by s t a t e s  f o r  f i s c a l  years 1961-1965 [ 9 ,  l o ] .  However, 
the ac tua l  expendi ture  o f  R&D funds may n o t  be l imi ted  t o  the  yea r  
o r  t he  region i n  which the obl iga t ions  a re  incur red .  
t he  time period involved, there  i s  some evidence t h a t  the t i m i n g  
o f  expendi tures  i s  more l i k e l y  t o  coincide with the  t i m i n g  of R&D 
I n  the case of 
ob l iga t ions  than procurement obl iga t ions  [ Z ] .  The geographic d i s t r i b u t i o n  
of R&D ob1 iga t ions  does n o t  r e f l e c t  the inf luence of subcont rac t ing  
and in t r a f i rm t r a n s f e r s  o f  R&D funds. The subcontract  data  t h a t  a r e  
a v a i l a b l e  f o r  1963 and 1965 appear t o  i nd ica t e  t h a t  the  subcontract ing 
process tends t o  lessen  the  concentrat ion of federa l  R&D funds [9,  p p .  
34-37 and 13, p p .  17-19].. 
Federal R&D obl iga t ions  data f o r  the  years  1961, 1963, and 1965 
a r e  used in our  ana lys i s .  However, geographic data  on f ede ra l  R&D 
ob1 i g a t i o n s  f o r  b o t h  extramural and intramural performers a r e  only 
a v a i l a b l e  f o r  t he  years  a f t e r  1962.  The 1961 data  f o r  s t a t e s  include 
only extramural R&D ob l iga t ions .  The s t a t e  d i s t r i b u t i o n  of R&D funds 
obl iga ted  t o  intramural performers has shown g r e a t e r  s t a b i  1.i t y  
than t he  d i s t r i b u t i o n s  of  o t h e r  performers,  and, i n  gene ra l ,  t he  
r e l a t i v e  pos i t ions  o f  individual s t a t e s  have remained unchanged s ince  
1963 [9, p .  141. Therefore ,  we have assumed t h a t  t he  d i s t r i b u t i o n  
of intrariiural R&D obl iga t ions  did not change durinq 1961-1963 i n  
order  t o  obtain comparable data for  1961.  The t o t a l  intrarnural 
ob l iga t ions  i n  1961 a r e  a l located ainong s t a t e s  according t o  t h e i r  
shares  of intramural funds i n  1963. 
The G i n i  coe f f i c i en t  wil l  be used t o  determine the ex ten t  of 
concentrat ion o r  unequality i n  the regional d i s t r i b u t i o n s  of s c i e n t i s t s  
and federa l  RStD funds i n  any given year .*  The c o e f f i c i e n t  represents  
a measure of t h e  r e l a t i v e  inequal i ty  of a d i s t r i b u t i o n  t h a t  i s  shown by 
the area between the  Lorenz curve of t h a t  d i s t r i b u t i o n  and t h e  l i n e  of 
e q u a l i t y .  I t s  value is equal t o  the  r a t i o  of t h i s . a r e a  t o  the  t o t a l  
a rea  under the  l i n e  of equal i ty  and can vary between zero,  i nd ica t ing  
absolu te  e q u a l i t y ,  and one, indicat ing absolu te  inequal i ty .  
111. Some Shades of Regional Inequal i ty  
G i n i  c o e f f i c i e n t s  describing the ex ten t  o f  inequal i ty  i n  t h e  
d i s t r i b u t i o n  of s c i e n t i s t s  among s t a t e s  f o r  1962, 1964, and 1956 
a r e  shown in Table 1 ,  along with Gini c o e f f i c i e n t s  f o r  other  d i s t r i b u t i o n s .  
The c o e f f i c i e n t s  f o r  the  d i s t r i b u t i o n  of s c i e n t i s t s  have a value of 
.55 f o r  each year ;  this suggests not only a f a i r l y  h i g h  degree of 
i nequa l i ty  i n  the  d i s t r i b u t i o n  of s c i e n t i s t s  ainong regions,  b u t  the 
absence of any changes i n  the r e l a t i v e  inequal i ty  of the  d i s t r i b u t i o n  
d u r i n g  1962-1 966. 
A number of measures of the inequal i ty  of a d i s t r i b u t i o n  a r e  ava i l ab le  i n  
addi t ion  t o  t h e  G i n i  c o e f f i c i e n t .  The Gini c o e f f i c i e n t  and a l t e r n a t i v e  
methods a r e  discussed,  f o r  example, i n  [3], p p .  243-244, [4], p p .  160-167, 
and [5]. The mechanics of computing the value of the Gini c o e f f i c i e n t  a r e  
discussed in [5], p p .  162-163. 
L 
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This measure of R&D' performance is  solnewhat narrow , however, 
because i t  does not include other sources of s c i e n t i f i c  manpower. 
Data on the  s t a t e  d i s t r i b u t i o n  o f  s c i e n t i s t s  and engineers in 1960 
a r e  ava i l ab le  [12 ,  p .  1941, a n d  these d a t a  can y i e ld  a t  l e a s t  an  i nd ica t ion  
of t he  r e l a t i v e  inequal i ty  of a d i s t r i b u t i o n  w i t h  addi t iona l  types 
of s c i e n t i f i c  manpower. A more unequal d i s t r i b u t i o n  might be expected 
both because engineers ,  unl ike s c i e n t i s t s ,  a r e  much niore l i k e l y  t o  be 
engaged i n  development than basic and appl ied research [ l ,  p .  1921 
and because developinent tends t o  be more concentrated t h a n  appl ied 
and bas ic  research.  In t h i s  sense,  the number o f  s c i e n t i s t s  i s  l i k e l y  
t o  be a b e t t e r  measure of research t h a n  of development. 
the  s t a t e  d i s t r i b u t i o n  of s c i e n t i s t s  a n d  engineers i n  1960 has a Gini 
c o e f f i c i e n t  o f  0.595 ind ica t ing  perhaps a somewhat g r e a t e r  i nequa l i ty  
than f o r  t he  d i s t r i b u t i o n  of s c i e n t i s t s .  
In f a c t ,  
The su rp r i s ing  thing i s  t h a t  
th is  d i f f e rence  is  so small .  
We have a l s o  used the Gini c o e f f i c i e n t  as a measure o f  t he  
inequa l i ty  of the  s t a t e  d i s t r i b u t i o n  of federal  R&D funds r e l a t i v e  
to  the  d i s t r i b u t i o n  of s c i e n t i s t s .  The d i s t r i b u t i o n  of federa l  R & D  
funds i n  f i s c a l  year  1961, 1963, and  1965 i s  compared t o  the corresponding 
1962, 1964, a n d  1966 d i s t r i b u t i o n  of s c i e n t i s t s .  In t h i s  ca se ,  a 
posi t i ve -o r  negative-valued G i n i  c o e f f i c i e n t  i nd ica t e s  t h a t  the  federa l  
R & D  funds a r e ,  r e spec t ive ly ,  less  or  more equally d i s t r i b u t e d  among 
s t a t e s  t h a n  s c i e n t i s t s .  The coe f f i c i en t s  a r e  equal t o  0 .462 ,  0.449, 
and  0 .465 ,  r e spec t ive ly ,  f o r  FY 1961/1962, FY 1963/1964, and  FY 
1965/1966. These values ind ica te  t h a t  federal  R&D funds a re  more 
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TABLE 1 
GI NI COEFFI  CI ENTS 
Dis t r ibu t ion  o f  S c i e n t i s t s  among S t a t e s  
1962 0.552 
1964 0.555 
1966 0.551 
Di s t r i  but i  on of Sci e n t i  s t s  and Engineers among S t a t e s  
1960 0.595 
S t a t e  D i s t r ibu t ion  of Federal R&D Funds Rela t ive  
t o  t h e  S t a t e  Dis t r ibu t ion  o f :  
Total S c i e n t i s t s  R&D S c i e n t i s t s  
FY 1961/1962 0.462 
FY 1963/1964 0.449 
0.431 
0.415 
FY 1965/1966 0.465 --- 
b 
J 
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In l i g h t  of the  s t a b i l  
d i s t r i b u t i o n  of s c i e n t  
highly concentrated t h a n -  s c i e n t i s t s  and t h a t  the ex ten t  of i nequa l i ty  
between the  two d i s t r i b u t i o n s  has reiiiained constant  d u r i n g  t h i s  t ime. 
t y  of the  Gini c o e f f i c i e n t s  f o r  the s t a t e  
s t s  i n  1962-1966, these r e s u l t s  f u r t h e r  ’ 
suggest a f a i r l y  s t a b l e  concentration of federal  R&D funds among s t a t e s .  - 
The d i s t r i b u t i o n s  of s c i e n t i s t s  used above include a1 1 s c i e n t i s t s  
whether o r  n o t  they a r e  engaged i n  R & D .  
of s c i e n t i s t s  pr imari ly  engaged in R&D a r e  ava i l ab le  f o r  1962 and 1964 
[6].  A coniparison of the  s t a t e  d i s t r i b u t i o n s  of federa l  R&D funds 
and  R&D s c i e n t i s t s  y i e lds  G i n i  coe f f i c i en t s  of 0.431 a n d  0.415 f o r  
t he  two per iods.  This s u b s t i t u t i o n  o f  R&D s c i e n t i s t s  appears t o  
r e s u l t  i n  a s l i g h t l y  l e s s e r  inequal i ty  between the two d i s t r i b u t i o n s ,  
b u t  does not a f f e c t  the s t a b i l i t y  of the  c o e f f i c i e n t s  i n  t he  two 
periods . 
Data on the s t a t e  d i s t r i b u t i o n  
In conclusion,  our f ind ings  do n o t  suppor t  the content ion t h a t  
the  d i s t r i b u t i o n s  of federa l  R&D funds and R&D performance a r e  becoming 
less equal .  
e x i s t s  i n  the  degree of inequal i ty  involved in the d i s t r i b u t i o n s .  
Rather the  ava i lab le  data  suggest considerable  s t a b i l i t y  
1 
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